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ABSTRACT
A relatively stable, solid complex of B-cyclodextrin with
di-l-naphthyldiazomethane was made. Pyrolysis of the
complex resulted in the degradation of the diazo compound.
In contrast with the results with other aromatic diazo
compounds, no carbene insertion with B-cyclodextrin
occurred. The non-cyclodextrin-containing products
resulting from decomposition of the diazo compound were
characterized by HPLC and NMR. These products were
distinctly different from those produced in the absence of
/3-cyclodextrin, and several of them remain unidentified.
Cyclodextrin exerts a definite influence on the reactions of
the diazo compound, but the nature of its effect remains
unknown.

REACTIONS OF DI-(1-NAPHTHYL)DIAZOMETHANE
WITH J3-CYCLODEXTRIN

INTRODUCTION
The synthesis of derivatized cyclodextrins has been an
increasingly popular area of research.
modified cyclodextrins are numerous.

The applications of
For example, the

selectivity of enzymatic processes can be mimicked by
incorporating appropriate geometric control, such as binding
with cyclodextrin, into normally random chemical reactions.1
Cyclodextrin enzyme mimics can direct and even accelerate
certain reaction pathways.

Although the major focus has

been on the similarities to enzymes, the effect of modified
cyclodextrins on other chemistry is also important.

Many

chemical reactions can be accelerated or inhibited by
cyclodextrins, both in solution and in the solid state.2
The inclusion complex provides small geometric and
electronic differences in the guest molecules which can
dramatically change the reaction pathways.
Previous studies in this lab have demonstrated a
"reaction vessel" effect exerted by /3-CD on certain guest
molecule reactions.3 A study of diphenyldiazomethane,
phenyldiazomethane and 1-diazo-l-phenylethane showed that
their (3-CD inclusion complexes reacted by different pathways
upon pyrolysis.

The product distributions were similar to

to those from diazo compound thermolysis in isotropic
2
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solutions, yet there were some variations that are
attributed to the presence of cyclodextrin.
The bulkier guests, such as diphenyldiazomethane,
produced mainly mono-molecular products, whereas the smaller
guests produced bimolecular products.

In addition to the

expected products, such as azine, the unusual products of
deoxybenzoin, trans-l,2-diphenylcyclopropane, and
diphenylmethane were also formed.

Diphenylmethane was

found to be the major product (46%) from the decomposition
of diphenyldiazomethane.

It was produced by hydrogen

abstraction of the triplet carbene, with D-CD as the source
of hydrogen.

Deoxybenzoin was formed from the reaction of

phenyldiazomethane with benzaldehyde, which was produced by
the reaction of the carbene with 02.

Another unusual facet

was great preference for trans-1,2-diphenylcyclopropane from
1-diazo-l-phenylethane.

It was produced from a 1,3-dipolar

cycloaddition between the diazo compound and styrene.

The

large trans to cis ratio indicates a shape-selective effect
of cyclodextrin.
The size of the guest molecule also influences the
guest- host products.4

The carbene formed by the pyrolysis

of the inclusion complex can insert into the three available
0-H bonds of cyclodextrin.

The distribution of 2-0, 3-0,

and 6-0-isomers
is dependent on the size of the guest molecule.

For

example, small aryldiazomethanes give mainly C3-isomers,

whereas larger aryl groups diminish the selectivity for the
C3-isomer.

The C3- isomers are favored in the decomposition

of small groups due to the electronic configuration at the
C3 position.

The hydrogen bonding in solution is C3-0-H— 0-

C2 which provides the C3 oxygen with a more negative charge
at the expense of the C2 oxygen.

Electronegative carbenes

attack the most electron rich oxygen.

Thus the insertion

reaction would favor the C3 isomer.
However, larger substituents on the carbene increase
the amount of C2 isomer that is formed.

Naphthyl groups are

known to align themselves in the cavity of J3-CD.

In this

position, the enforced proximity of the C2-0H favors a
reaction with the carbene due to entropy.

Another unusual

effect of the guest-host complex is the reactivity of
disubstituted diazo compounds with the J3-CD.

They show

selectivity for C6-0H insertion and against C2-0H insertion.
There are several reasons for this.

One is that the

carbenes are more stable, therefore they should be more
selective.
position.

Thus the C3 position is favored over the C2
Also, the substituents can shield the carbene by

positioning themselves with the greatest C-C-C bond angle.
This channel alignment effect favors reaction at the C6
isomer.

Reaction at C2 and C3 is hindered due to the steric

interferences.
Our interest is in this paper is to investigate the
chemistry of di-l-naphthyldiazomethane.

As a large,

disubstituted diazo compound, the influence of cyclodextrin
on its reaction pathways should be great.

According to the

previous work, insertion should favor the C6-0H, and only
mono-molecular guest products should be produced.

The

results will help establish the scope and generality of the
insertion selectivity pattern.
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Cyclodextrins

Cyclodextrins are cyclic oligosaccharides containing
from 6 to 12 a-l,4-linked glucose units.

They are produced

by the degradation of starch by the glucosyltransferase
enzyme CGT.5'2 There are three major types of cyclodextrins,
alpha, beta, and gamma containing six, seven, and eight
glucose units, respectively.

All of these are crystalline,

homogeneous, and non-hygroscopic.5

Cyclodextrins with fewer

glucose units have not been isolated, possibly due to steric
hindrance.

Cyclodextrins with more than eight glucose units

exist, but they have not been fully characterized.5
The structure of cyclodextrins has been studied
extensively with spectroscopic techniques.

The molecule has

a truncated cone shape with the glucose units in the chair
conformation.1

(Figure 1)

All of the primary hydroxyl

groups are on one edge and the secondary hydroxyl groups are
on the other edge.

The shape is toroidal rather than

cylindrical due to the free rotation of the primary hydroxyl
groups.5

a-D-glucose)6
Figure 1: P-Cyclodextrin
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The C2-hydroxyl group forms a hydrogen bond with the
C3-0H on the adjacent glucopyranose unit.1

These bonds form

a secondary belt, which is complete only in /3-cyclodextrin.
In a-cyclodextrin, one glucopyranose unit is distorted, thus
disrupting the hydrogen bonding.

y-Cyclodextrin is too

flexible, so it also cannot form a complete belt.

This

complete belt in /3-cyclodextrin gives the molecule rigidity
and also contributes to its lower solubility in water.5
The cavity of cyclodextrins is slightly hydrophobic.
This character is attributed primarily to the non-bonding
electron pairs of the oxygens linking the glucose units.
They are directed toward the inside of the cavity, thus
giving it greater electron density and some Lewis base
character.5

Inclusion Compounds
One of the most remarkable characteristics of
cyclodextrins is their ability to form inclusion complexes,
both in solution and in the solid-state.

They can provide a

host site for a variety of guest molecules.

In this

capacity, cyclodextrins have been shown to enhance and
control reactions between the guests and between the guest
and cyclodextrin itself.2

Due to the ease with which

complexation occurs, cyclodextrins are often used as enzyme
models.

8
There are two inodes of packing cyclodextrins in
crystal form: channels and cages.6'5'2

The cage-like form

provides smaller and separate cavities and can occur as
herringbone or brick patterns.

The channels formed by

cyclodextrin provide larger, tunnel-like cavities.

Channels

are formed by the stacking of cyclodextrins on top of each
other, either head-to-head or head-to-tail.

The inclusion

complexes are relatively stable and are usually found in a
ratio of one-to-one host/guest. 1
The major forces that drive complexation are
hydrophobic interactions.1

In solution, the cavity of

cyclodextrin is occupied by water molecules.

However, this

solvation is energetically unfavorable due to the polarapolar interactions between water and cyclodextrin.

Thus,

the enthalpy rich Water is readily replaced by appropriately
sized guest molecules which are less polar than water.

Van

der Waals forces and hydrogen bonding also contribute to the
binding of guest molecules.2
Following the synthesis of an inclusion complex, its
decomposition can be studied as an insight to the reactivity
of the guest species.

Pyrolysis and photolysis of the

inclusion complex are two common methods used to form a
reactive intermediate, such as a carbene, of the guest
molecule.

This intermediate can then react with

cyclodextrin or with another molecule present in the cavity
of cyclodextrin.

The influence of cyclodextrin can be
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studied by comparison of the guest products to typical
reactions of the guest compound in solution.

Carbenes
Carbenes are divalent carbon intermediates that are
often formed by the decomposition of the inclusion complex.
The carbene carbon is linked covalently to two adjacent
groups and has two nonbonding electrons.

These electrons

may have antiparallel spins (singlet state) or parallel
spins (triplet state).

(Figure 2)
H

Singlet state
carbene

Triplet state
carbene

Figure 2: Structure of singlet and triplet state carbenes
Triplet carbenes can be considered as diradical species,
although the two unpaired electrons on the same carbon give
rise to some unique characteristics.

Singlet carbenes can

be either electrophilic or nucleophilic, depending on the
substituent groups.7
The electronic structure of carbenes is unusual.
carbon atom has four low-energy molecular orbitals.

The
Two of

these are involved in the bonding of substituents, leaving
two available for nonbonding electrons.

If the two orbitals

are degenerate, the electrons will occupy different

10
orbitals, according to Hund's rule.
triplet state carbene.

This gives rise to a

However, if the orbital energies are

very different, the electrons will occupy the lowest energy
orbital, giving rise to a singlet state. 7
The molecular structure of carbenes varies widely.

Two

extreme models are studied for simplicity, but it is
believed that the true structure of carbenes involves an
intermediate between the two.8

If the carbene were linear,

(i.e. the bond angle between substituents were 180°),
symmetry arguments require that the two nonbonding molecular
orbitals be degenerate, pure p orbitals.
rise to a triplet state.
could be bent (120°).
nonbonding orbitals.
is a sp2 orbital.

This would give

At the other extreme, the molecule

This removes the degeneracy of the
One is a pure p orbital and the other

The splitting between the orbital

energies would give rise to a singlet state.
Carbenes participate in numerous reactions such as
insertion into sigma bonds, addition to pi bonds, and
rearrangements.8

Triplet state carbenes typically undergo

hydrogen abstraction, whereas singlet carbenes typically
undergo insertion reactions.

Triplet carbenes are reactive

towards oxygen, whereas singlet carbenes are not.8
The reaction of carbenes with hydroxylic substances is
of interest to this study.

The mechanism by which the

insertion reaction occurs, is dependent on the nature of the
carbene.9 Nucleophilic carbenes react by a proton transfer,
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acid/base mechanism.

Electrophilic carbenes react by an

ylide-type, carbene LUMO/alcohol HOMO interaction.

Between

these two extremes is a three center transition state
mechanism, similar to the mechanism by which carbenes insert
into C-H bonds.

(Figure 3)

Nucleophilic carbene
mechanism

carbene
mecnanism

E le c tr o p h ilic

Intermediate carbene

H

Figure 3: Carbene reaction with hydroxyl group

Diazo Compounds
Diazoalkanes are one of the most versatile precursors
to carbenes. (Figure 4)

They are synthesized with ease and

they have been studied in depth.
yellow to red in color.

Diazoalkanes range from

They are highly sensitive to acids

and under certain conditions are known to isomerize to their
corresponding diazirines.10

\

A
;c =

n2

- secondary products

R
Figure 4: Thermal decomposition of diazoalkane
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The linear structure of diazoalkanes has been confirmed
by electron diffraction studies.10

Their structure can be

best understood by a composite of the resonance structures
below, of which forms I and II contribute the most.

(Figure

5)
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Figure 5: Resonance structures of a diazoalkane
The carbon is thought to be sp2 hybridized and the nitrogen
is thought to be sp hybridized.10

Two electrons form a pi

bond between the nitrogens and four electrons form two
three-center pi-molecular orbitals; the latter is
essentially an allyl anion. (Figure 6)

Figure 6: Bonding in a diazoalkane
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The highest occupied molecular orbital in diazoalkanes is
one of these three-center orbitals.

It has a nodal plane

perpendicular to the z-axis containing the central nitrogen
atom and is nonbonding.
Thermal decomposition of diazo compounds generally
results in the loss of dinitrogen.

However, there are no

general rules governing this behavior.

The substituents on

the diazo influence its ability to give up nitrogen
easily.10

For example, electron acceptor groups generally

inhibit the loss of nitrogen by stabilizing one of the major
resonance forms.

Solvents and catalysts also affect the

thermolability of diazoalkanes.10
There are two pathways for the thermal decomposition of
alkyl and aryl-substituted diazoalkanes.10

One is a

monomolecular reaction leading to nitrogen gas and a
carbene.

Another is a bimolecular pathway leading to azine

formation.

Bimolecular decomposition is enhanced with

increased diazoalkane concentration.

The determining

factors for the pathway of decomposition are the
constitution of the diazo compound and the type of solvent
and other reaction partners present.10
One of the most versatile methods for converting
carbonyl compounds to diazo compounds is the Bamford-Stevens
reaction.10

The starting materials are tosylhydrazones

which are synthesized from tosylhydrazide and aldehydes or
ketones.

Thermolysis of the conjugate base of the hydrazone
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results in a-elimination of the p-tolyl sulfinate to yield
diazoalkanes.

Typical bases used to generate the

tosylhyrazone sodium salt are sodium ethoxide or sodium
methoxide.10
Heat must be used to induce a-elimination, but the
resulting diazoalkanes are generally thermally unstable.10
Also, secondary products are formed by this reaction,
typically olefins (the Bamford-Stevens products) and azines.
However, an important advantage of this procedure is that
the diazo compounds can be isolated free of solvent.

15

EXPERIMENTAL
General Methods
XNMR spectra were obtained with a GE QE-300
spectrometer.

TLC was carried out on 0.25 mm (60F-254)

precoated silica plates (Whatman); spot detection was done
with UV.

High performance liquid chromatography was

performed on a Waters 600E system equipped with a variable
wavelength absorption detector set at 254 nm using a Whatman
ODS-3 analytical column.

A gradient program was used that

ran at 80% CH3CN, 20% H20 for ten minutes, then increased
linearly to 100% CH3CN over thirty minutes.

Melting points

were taken on a Thomas-Hoover capillary m.p. apparatus arid
are uncorrected.

Commercially available J3-cyclodextrin was

used as obtained from Amaizo.

Pi-1-naphthvlmethanol
A 250 mL round bottom flask was fitted with a reflux
condenser and an addition funnel.

Nitrogen was blown

through for 5 min to insure its dryness.

Magnesium turnings

(2.43 g, 0.10 mol) were added and covered with Et20 (10 mL) .
A crystal of iodine and 1-bromonaphthalene (1 mL) were added
to start the reaction.

After the reaction had started, a

solution of 1-bromonaphthalene (19.2 g, 92.8 mmol) in Et20
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(50 mL) was added dropwise.

The solution continued to stir

for one half hour after addition was complete,

A solution

of 1-naphthaldehyde (15,6 g, 0,11 mol) in Et20 (40 mL) was
added dropwise to the above solution.

Stirring continued

for one half hour after the addition was complete.

The

solution was poured over ice and 30% H2S04 (15 m L ) .

The

solution was extracted with Et20 (3 x 50 mL) .

The combined

ether layers were washed with H20 (50 mL) and sat aq NaHC03
(50 m L ) .

The ether was removed in vacuo and the resulting

solid was recrystallized from ethanol, affording 25.49 g
(89.6 mol, 96%) of di-l-naphthylmethanol, mp 144-145°C.

XH

NMR [Appendix Is Spectrum 1] (CHC13) 6 8.06 (d, J = 7.4 Hz,
2H), 7.90 (d, J = 7.1 Hz, 2H), 7.83 (d, J = 7.9 Hz, 2H),
7.37-7.54 (m, 9H).

Pi-1-naphthylketone
Methylene chloride (150 mL) was placed in a 500 mL
round-bottom flask fitted with a reflux condensor.
Pyridinium chlorochromate (16.75 g, 66.7 mmol) was added and
the solution stirred for 20 min.

A solution of di-l-

naphthylmethanol (14.44 g, 50.8 mmol) in CH2C12 (80 mL) was
added in one portion, and the mixture was stirred for 1.5
hrs.

Diethyl ether (100 mL) was added and the liquid was

decanted.
mL).

The black residue was washed with Et20 (3 x 50

The combined organic layers Were washed with

5% NaOH

(3 x 100 mL), 5% HC1 (100 mL), and sat aq NaHC03 (lOOmL).
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The solution was dried over Mg2S04 and the solvent was
removed under reduced pressure.
recrystallized in ethanol.

The resulting solid was

The yield of ketone was 9.65 g

(34.2 mmol, 67%), mp 94-96°C.

1H NMR [Spectrum 2] (CHC13) 6

8.55 (dd, J = 5.4 Hz, 4.2 Hz, 2H), 8.03 (d, J = 8.1 Hz, 2H),
7.94 (dd, J = 5.8 Hz, 3.8 Hz, 2H), 7.53-7.63 (m, 6H), 7.44
(dd, J = 7.8 Hz, 7.5 Hz, 2H).

Di-l-naphthvlketone tosvlhvdrazone
Di-l-naphthylketone (2.20 g, 7.79 mmol) was dissolved
in absolute ethanol (50 mL) in a 100 mL round-bottom flask.
The flask was fitted with a reflux condenser and attached to
an oil bubbler.

p-Toluenesulfonhydrazide (1.39 g, 7.59

mmol) and H2S04 (1 mL) were added.
through CaO for 18 hrs.

The solution refluxed

The resulting white powder was

collected on a Buchner funnel and recrystallized from
acetonitrile affording the tosylhydrazone (1.79 g, 3.97
mmol, 51%), mp 195-197°C.

2H NMR [Spectrum 3] (CDC13) 6 8.71

(d, J = 8.8 Hz, 1H), 7.98 (dd, J = 8.5 Hz, 8.4 Hz, 2H),
7.75-7.89 (m, 4H), 7.29-7.61 (m, 10H), 7.06 (d, J = 6.8 Hz,
1H), 2.49 (s, 3H).

Di-l-naphthvldiazomethane
Sodium metal (90 mg, 3.9 mmol) was added slowly to
ethylene glycol (30 mL, distilled) in a round-bottom flask
heated to 70°C.

Nitrogen gas was blown over the solution to
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displace the hydrogen gas that evolved.

After the sodium

had reacted, di-l-naphthyltosylhydrazone (1.0 g, 2.2 mmol)
was added.
70°C.

The solution was stirred for fifteen min at

The flask was then cooled in an ice bath.

Diethyl

ether (15 mL) was added and the solution stirred for two
min.

The ether layer was drawn off and cooled in an ice

bath.

The flask was then returned to the 70° water bath and

stirred again.
times.

The ether extraction was repeated four

The combined organic layers were washed with 5% NaOH

(2 x 50 mL) and H20 (4 x 50 mL) .

Di-l-naphthvldiazomethane//3-cvclodextrin inclusion complex
The above solution of di-l-naphthyldiazomethane in Et20
was placed above a solution of /3-cyclodextrin (3.18 g, 2.8
mmol) in H20 (70 mL) which had been cooled in an ice bath.
The solutions were blended together with a mechanical
stirrer, and a stream of nitrogen was directed over the
solution to blow off the Et20.

After stirring for three

hrs, the resulting pink solid was isolated by filtration and
dried in vacuo affording 2.04 g (26% based on tosyl
hydrazone) of complex.
0.36 guests//3-CD.

NMR spectra indicated a ratio of

The complex was determined to be free of

impurities such as tetranaphthylazine and di-1naphthylketone.
XH NMR is shown in Appendix I, Spectrum 4.

In another run,

0.87 g of complex (43% based on tosylhydrazone) was made
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from 2.55 g of 13-CD in 56 ml of H20 and di-lnaphthyldiazomethane.

The latter was formed using the

procedure from above with 0.25 g Na metal and 2.00 g of di1-naphthylketone tosylhydrazone.

Pvrolvsis of the /3-CD complex
A beaker containing 2.04 g of the complex was immersed
in an oil bath heated to 180-200°C.

The contents were

stirred manually with a glass rod until the pink color had
disappeared (ca. 5 min).

The residue was dissolved in H20

and washed with Et20 (3 x 50 mL) .

The organic and aqueous

layers were concentrated in vacuo and were analyzed by NMR,
HPLC and TLC.
(58%).

The contents of the organic layer were 0.10 g

Another run was pyrolyzed under vacuum affording

0.60 g (>100%) of products in the organic layer.

2NMR in

Appendix I, Spectra 5 and 6.

Di-l-naphthvlketone azine
Di-l-naphthyldiazomethane was made as above with Na
metal (120 mg) and di-l-naphthyltosylhydrazone (1.57 g, 3.5
mmol) in ethylene glycol (50 mL).

Di-l-naphthyldiazomethane

was removed by extraction with benzene.

The diazo compound

was added dropwise to boiling benzene, and the solution was
left to reflux overnight.

The solvent was then removed in

vacuo, and the solid was recrystallized from ethanol and
acetonitrile giving the azine (308 mg, 0.55 mmol, 16%), mp
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198-200°C, lit. value (295°)11.

*H NMR [Spectrum 7] (CDC13) 6

8.67-8.74 (d, J = 8.5 Hz, 1H), 7.93-8.06 (dd, J_= 8.3 Hz,
3H), 7.75-7.88 (m, 6H), 7.29-7.63 (m, 15H), 7.15-7.24 (t, J
= 7.8 Hz, 2H), 7.02-7.09 (d, J = 7.8 Hz, 1H).

Pi-1-naphthvlmethane
Di-l-naphthylmethanol (570 mg, 2.0 mmol) was dissolved
in acetic acid (25 mL).

Hydrogen iodide (5 drops) was

added, and the solution refluxed overnight.

The mixture was

cooled and was poured into a solution of 1 M NaOH (25 mL)
and sodium bisulfate (1.0 g ) .
with Et20 (3 x 50 m L) .

The solution was extracted

The combined organic layers were

washed with sat aq NaHC03 (3 x 40 mL) .

The solvent was

removed in vacuo and the resulting solid was recrystallized
in EtOH (0.12g, 0.45 mmol, 22%) mp 96-97°C.

*H NMR

[Spectrum 8] (CDC13) 6 8.04 (d, J = 8.4 Hz, 2H) , 7.90 (d,_J
= 5.1 Hz, 2H), 7.76 (d, J = 8.2 Hz, 2H), 7.48 (dd, J_= 4.1
Hz,

3.3 Hz, 4H), 7.34 (dd, J = 7.3

J =

7.0 Hz, 2H), 4.90 (s, 2H).

Hz, 8.0 Hz, 2H), 7.08

(d,

Tetra-l-naphthvlethvlene

mL)

TiCl3 (570 mg, 3.7 mmol) was dissolved in

dryTHF

which had been cooled to

(60mg,

mmol) was added with stirring.

-78°C.LiAlH4

(20
1.6

A solution of di-l-naphthyl

ketone (1.00 g, 3.5 mmol) in THF (10 mL) was added dropwise
as the temperature of the solution rose to 0°C.

It was then
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placed in an oil bath and heated to reflux for 24 hrs.
After the solution had cooled, 10% Na2C03 was added until it
stopped bubbling.

The solution was extracted with CH2C12

and dried over MgS04.

The solvent was removed under reduced

pressure and the solid was recrystallized in acetonitrile,
affording tetranaphthylethylene (315 mg, 0.6 mmol, 17%), mp
267-268°C, lit. value 322°C11.

aH NMR [Spectrum 9] (CDC13) 6

7.94 (d, J = 8.4 Hz, 3H), 7.57 (dd, J = 7.2 8.0 Hz, 8H),
7.44 (d, J =

8.0 Hz, 4H), 7.06-7.25 (m, 11H), 6.65 (s, 2H).

Dibenzofluorene
Di-l-naphthylmethanol (560 mg, 2.0 mmol) was added to
phosphoric acid (10 mL) and was placed in oil bath at 160°C.
It was heated for 1 hour.

After cooling, the contents were

poured into beaker containing H20 and the solution was
extracted with CH2C12.

The solvent was removed under

reduced pressure and the solid was recrystallized in
benzene, affording dibenzofluorene (0.10 g, 0.38 mmol, 19%),
mp 229-231°C, lit value 354°C11. XH NMR [Spectrum 10] (CDC13)
6 8.12 (d, J = 8.1 Hz, 2H),

7.89-8.01 (m, 5H), 7.59 (dd, J

= 6.8,7.6 Hz, 2H), 7.47 (dd, 7.3, 7.7, 2H), 7.36 (s, 1H),
4.52 (s, 2H).

RESULTS

An inclusion complex of /3-CD with di-lnaphthyldiazomethane

was prepared by stirring an ether

solution of di-l-naphthyl diazomethane with an aqueous
solution of /3-cyclodextrin while slowly removing the ether
with a stream of nitrogen.

(Scheme 1)

The inclusion complex

was tested by NMR for diazo compound incorporation.
Comparison of the integration of the aromatic region
(dinaphthyldiazomethane has 14 H's) with the anomeric region
(/3-CD has 7 anomeric H's) shows a ratio of .38 guests//3cyclodextrin.
Scheme 1: Synthesis o f di-l-naphthyldiazomethane
Br

MgBr

CHO

CHOH
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The inclusion complex was decomposed through pyrolysis
at 200°C.

The disappearance of diazo was detected by loss

of the pink color.
water and Et20.

The products were partitioned between

The water layer should contain /3-CD and

derivatives, whereas the ether layer should contain non-/3-CD
containing materials.

Nothing but /3-CD was obtained in the

aqueous phase, but the organic layer contained several UV
active compounds.
Several components of the ether layer were identified
by NMR and by retention time on HPLC by comparison with
authentic samples (Figure 8); they are di-l-naphthylmethanol
(19%; area percent from HPLC), di-l-naphthylketone (16%),
and di-l-naphthylketone azine (30%).

di-l-naphthylketone azine

tetra-1-naphthylethylene

dibenzoflourene

CHOH

di-l-naphthylmethanol

di-l-naphthylketone

di-l-naphthylmethane

Figure 8: Potential products of ether layer
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Two other unidentified products were present, constituting
the remaining 35% the ether layer.

The percentage amounts

differed according to NMR integration.

The di-l-

naphthylmethanol constituted 32% of the products; di-lnaphthylketone , 2%;

and di-l-naphthylketone azine, 7%.

Several likely products were synthesized to try to
identify the unknown products.

These possible products

include di-l-naphthylmethane, dibenzofluorene,
tetranaphthylethylene, and tetranaphthylethylene epoxide
(Figure 8).

Di-l-naphthylmethane was synthesized by

reducing di-l-naphthylmethanol with hydrogen iodide.
Dibenzofluorene was produced by dehydration of di-lnaphthylmethanol in phosphoric acid at 160-175°C.
Tetranaphthylethylene was synthesized from the reductive
coupling of di-l-naphthylketone with TiCl3 and LiAlH4.
Tetranaphthylethylene epoxide was not successfully
synthesized, but it was reasoned to be absent from the diazo
decomposition products by comparison of the elution times of
similar products.

Based on their elution times and their

spectra, these are not present among the contents of the
organic layer.
The inclusion complex was also pyrolyzed in vacuo to
exclude products formed by the reaction with oxygen,
especially di-l-naphthylketone.

Under these conditions, the

major product is di-l-naphthylalcohol (62% based on area
percent, HPLC).

Di-l-naphthylketone and its azine are also
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present in small amount (5%, and 8% respectively).

Three

other products were present constituting 25% of the area
percent.

Two of the unidentified products were the same as

those found in the atmospheric pyrolysis of the inclusion
complex.

According to NMR integration, di-l-

naphthylmethanol constituted 42% of the products.

DISCUSSION
Previous studies of the thermal decomposition of aryl
and diaryl diazomethanes in inclusion complexes with 13cyclodextrin have shown that insertion products with
cyclodextrin and non-CD containing products are formed in
roughly equal amounts.3

Diphenyldiazomethane, 1-

naphthyldiazomethane, and 2-naphthyldiazomethane all reacted
upon pyrolysis giving some (ca. one-third) insertion into 0H bonds of cyclodextrin.3 The products formed involved the
covalent attachment (tethering) of the guest molecule to one
of the hydroxyl sites of cyclodextrin, either at the C2, C3,
or the C6 position.
The diazo compounds react by losing nitrogen to form a
carbene.

Carbenes are capable of reacting with remaining

diazo compounds, other carbenes, or other reaction partners
that are present.

Although insertion products are more

typical of singlet state carbenes, they are also formed by
triplet state carbenes.8 Aryl and diaryl carbenes generally
have triplet ground states, yet in the above examples,
insertion probably occurs from a singlet-state carbene.
However, di-l-naphthyl carbene does not behave like the
above carbenes.

Upon pyrolysis of the inclusion complex,

the carbene that was generated did not form insertion
26
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products with cyclodextrin to any appreciable amount.

This

conclusion is supported by the TLC studies of the aqueous
layer obtained from the pyrolysis of the inclusion complex.
It was not found to be UV active, thus eliminating the
presence of a naphthalene derivative.

The aqueous layer was

assumed to consist primarily of cyclodextrin.
Since the carbene had not reacted by insertion, other
possible reaction pathways were explored.

Typical reactions

of triplet carbenes are hydrogen abstraction and reactions
with molecular oxygen.7

In previous studies of inclusion

complexes with diphenyldiazomethane, diphenylmethane was
formed.3

It was concluded that this product was formed from

hydrogen abstraction by the carbene from cyclodextrin.
Following this line of reasoning, di-l-naphthylmethane was
then synthesized for comparison to the pyrolysis products.
According to its elution time on the HPLC, however, it was
concluded that it was not one of the products.
Another common reaction of triplet state carbenes is
the reaction with molecular oxygen.

Oxygen also has a

triplet ground state, and it is known to be a scavenger of
triplet carbenes.8 Accordingly, di-l-naphthylcarbene could
react with oxygen to form di-l-naphthylketone.

This

reaction probably did occur, since the elution times and the
NMR spectra indicate the presence of di-l-naphthylketone
among the products.
Another well known reaction pathway of carbenes is the
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coupling of the carbene and a diazo molecule to form an
azine.

Di-l-naphthylketone azine was one of the products

formed upon pyrolysis of the inclusion complex.

An azine

could also be formed by coupling of diazo molecules during
the initial formation of the inclusion complex.

This

possibility was eliminated based on the NMR spectra of the
inclusion complex prior to pyrolysis.
One of the major products in both the pyrolysis under
vacuum and under atmospheric pressure is di-lnaphthylmethanol.

Its presence indicates a reaction of di-

l-naphthylcarbene with water.

Water is present from the

formation of the inclusion complex and is typically found in
CD crystal lattices.

The carbene is assumed to have

inserted into one of the 0-H bonds of water to from the
alcohol product.
In a previous study of the thermal decomposition of dil-naphthyldiazomethane , the products were dibenzofluorene
and dinaphthylketone azine.11

For the purposes of

identification of the products in the organic layer,
dibenzoflourene was synthesized by heating di-lnaphthylmethanol in phosphorc acid (160-175°C).

By

comparison to the HPLC elution times and the NMR spectra, it
was determined that it had not been formed during the
pyrolysis of the /3-CD complex.
The last possible product considered for the
decomposition of di-l-naphthyldiazomethane was
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tetranaphthylethylene epoxide.

Its presence would indicate

the reaction of di-l-naphthylketone with di-lnaphthylcarbene.

Its synthesis was attempted using several

techniques, but none were successful.

However, based on the

elution times of tetranaphthylethylene glycol and other
tetraaryl substances, it was assumed that the epoxide was
not among the pyrolysis products.
Due to the long elution times of the unknown products
in the organic layer from the pyrolysis, the possibilities
are limited.

The most reasonable products that would have

been formed were explored and most were found to be absent.
Since a reverse-phase HPLC column was used for the analysis,
long retention times indicate very hydrophobic products,
such as hexaaryl products.

For example, the carbene could

have attacked any of the tetranaphthyl products, which would
increase the number of aryl groups to six.
In an attempt to eliminate the formation of di-1naphthtylketone and its derivatives, the pyrolysis was
performed in vacuo.

In this case the products were similar

to the pyrolysis under atmospheric pressure with a few
exceptions.

The presence of di-l-naphthylmethanol indicates

a reaction with water, as stated above.

Di-l-naphthylketone

was present only in small amounts, which is consistent with
the mechanism for its formation.

Oxygen was excluded for

the most part from the reaction vessel, thus preventing its
reaction with the carbene to form a ketone.

Three products
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were present with very large retention times.

Two of them

correlated with the two unidentified peaks formed in the
atmospheric pyrolysis, indicating very nonpolar species,
such as hexaaryl compounds.
In conclusion, the thermal decomposition of complexes
of di-l-naphthyldiazomethane with fl-CD produced unusual
results.

No insertion products into cyclodextrin were

found, contrary to previous results which predicted a
favored reaction with C6-0H.

Assuming a true inclusion

complex was formed, this is most likely due to the
sterically hindered position of the naphthyl groups in the
cavity of cyclodextrin.

The naphthyl groups tend to align

along the axis of cyclodextrin.

Since di-l-naphthylcarbene

is unable to assume a linear, or near linear, arrangement,
the carbene is blocked from reacting with the hydroxyl
groups of cyclodextrin.

If a true inclusion complex was not

made, the carbene would not be forced into proximity with
cyclodextrin, and other reaction pathways would be favored.

According to previous work, the decomposition of di-lnaphthyldiazomethane in J3-CD should produce primarily
monomolecular guest products.
products that were identified.

This was supported by the
The carbene reacted with

water, which was the most readily available reactant.

It

also reacted with oxygen and remaining diazo compound, which
were consistent with previously described reaction pathways.
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However, the unidentified products indicate some unusual
reactions took place.

In order to form hexaaryl compounds,

the carbene must have attacked a tetraaryl compound, of
which di-l-naphthylketone azine was the only one that was
identified.

Thus, the possibilities are limited.

Further

study is needed to completely characterize the reactivity of
di-l-naphthyldiazomethane.
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